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INTRODUCTION 


Advanced aeronaut i cal 
e n c: o m p a s s (•:•? s r e s e a r c h :i. n k j 
sponsored by the Aircraft 
Office. Base technology 


composi te structures, 

A C E E p r o j e c t s i n v olve 
c omp os i t e s t r uc t ural 

transport ai rcraf t . 
research is intended 
i (ftp r o ved ef f i c i. en c y an d 


structures technology at NASA 
ie technology base and projects 
Energy Efficiency ( ACEE ) Project 
research includes mechanics of 


l r ash d y n a m i c s , an d 1 a n ding d y n a m i c s . 
development and fabrication of selected 
components for existing commercial 
The technology emanating from this 
to result in airframe structures with 
safety. 


BASE TECHNOLOGY 

Mechanics o-f Composite Structures.- Aircraft structures 
fabricated from composite materials which incorporate graphite 
or Kevlar filaments embedded in an epoxy resin matrix can 
h a v e s u b s t a n t i a 1 1 y 1 o w e r m a s s t h a n e q u i v a 1 e n t m e t: a 1 
structures., Saving of structural mass can lead to reduced 
u e 1 c o n s u m p t: i o n o r i nc r e a s e d p e r f o r m a n c e - NASA b a s e 
(. e (... 1 1 r t o 1 o g y p r o g r a m s :i n •; n e c h a n 3. c s o f c o rn p o s i t e s t r u c: t u r e s a r e 
(..) i* I n i a r i 1 y t o c u s s e d o n a d v a n c i n g t e c hi n o 1 o q y t o i n t r o d Lice t h e s e 
s t r u c t u r e s j. n t o c o m rn e r c i a 1 t r a n s p o r t a i r c r a f t « 'T hi i. s w o r k i s 
i 1 1 u s t. r a t tv d i n f i g u r e 1 a n d i n c 1 u d e s r e s e a r c hi c.:« n d e s i q n 
t e c. f i n i..j 1 \.j g y ,, d a m a q e t o 1 e r a n c e , b e h a v i o r o f s t r u c t li r e s with 
buckled skin (post buckling) , and analytical methods 
< n o n 1 i n e a r a n a 1 y s i s ) „ 1 1 a 1 s o i n c 1 u d e s r e s Bare h o n 

fundamental processes of structural failure, fail-safe design, 
structural j oi nts, i mp roved matr i x proper!: i es, f at i gue and 
' ^ ^ ^ ^ ^ !' * 1 u i t t-l €■■■.' k r li c 1 1 v e e v a .1. u a 1 1 o n , a n cJ e f f e c 1 o f s er v :i c e 

b 1 1 v 1 i onm e r i t - B e c a u s e o f t h e d e t a i 1 e d c o n f i q i..i rati c:> n s o f 
1 ami naked , f i 1 amen tar y composi te struc tures , they ex h i b i t 


f ai 1 ure 
f ai 1 ure 
strength 
Ex amp 1 es 
a n d 3 M 
ref erencc 


modes wh i ch 
modes must 
predic Lion 
of such 
Recent 
■ 1 „ 


are unknown i n 
be identi f ied 
a n a J. y s e s c a n b e 

rh 


me'cai structures - These 
and understood so that 
d e v e 1 o p e d a n d v a 1 i d a t e d . 
f i 1 li r e m o d e s a r e i 1 1 la s t r a t e d i n f i q u res 2 
results from this research are contained in 


Certain types of damage can severely reduce the 
load-carrying ability of these structures. ' For example, 
impact damage from runway debris can cause delamination or 
other internal damage, sometimes not detectable by visual 
examination, which cam be very deleterious. Design concepts 
are needed which tolerate damage in the sense that, the damage 
ie contained within a local, zone and damage propagation is 
i i mi t e d . R e s e a r c h i s i n p r o g r e s s o n f a i 1 - s a f e struc t ares, 




1 


t h a t i s ,, s t. r u c t u r a 1 a r r a n g e m e n 1 s w h i c h i ncorpo r a t e s u f f i c i e n t 
r e d u n c j a n c y t a c a r r y s a f e 3. o a d s i n t h e ev 0 n t o f t a ilure a f 
selected structural elements- The objective of this effort is 
to provide technology to design structures which can function 
in damaged or partially failed conditions until a safe landing 
a n d p o s s 1 b 1 e r e p a i. r c a n b e a c c o m p 1 i sh e d « 

J o i n t s a r e c r i t i <::: a 1 f e a t u r e s i n c: o m p o s i t e s t r u c: 1: u r e s 
b e c: a u s e t. h a m a t e r i a 1 s c a n b e s e r i o u s 1 y w e a k e n e d b y f a s t e n e r 
h o 3. e s a n d b v 3. o e a 1 i z e d 3. o a d e c c e n t r i cities t h a t c a u s e 
t hi r oug h - 1 h e - 1 h i c k n e s s t e n s i 1 e a n d s h e a r s t r e s s e s* Research is 
underway to understand factors that govern joint failures and 
t o d e v e 1 o p p r o c: e d u r e t o j:::* r e d i c: t s t r e n g t h s a n d f a t i g u e 1 i v e s 

a f h o 3. t e d a n d b o n d e d j o i n t s . 

Research is also underway to find resins with improved 

toughness,, moisture resistance,, and processabi 1 ity. Research 

o n f a t i g u e o f t h i c k — s e c t i o n c o m p o s i t e s t r u c 1 u r e s i s u n c3 e rway 
a 1 o n g w i t h i 1 n - d e p t h s t u d i e s a f f r a c: t u r e a n d c r a ck growth 
p r o c e s s e s „ U 3. t r a s o n :i. c: m e t h d s o f n o n — d e s t r u c: t i v e e v a 1 u a t ion 
a r e s t u d i e d t h e o r e fc :L cal 1 y a n d e x p e r i m e n t a 1 1 y t o g a i n 
la nde r s t a n d i n g o f t h e i r u s e f o r q u a n t i. t a t i v e a n a 1 y s i s o f 
p r o p e t i e s a n d i n t e g r i t y of c o m p o s i t e s .. R e s e a r c h i s und e r w a y 
t o d e t e r rn i n e 3. o n g t i rn e d u r a b i 1 i t y c j f c o m p o s i t e s u n cJ e r e x p e c t e c j 
s e r v ice e n v :i. r o n n 1 e n t „ F i n a 1 1 y ,, a n a 3. y s e s t o d e s c r i b e n o n 1 :L n ear 
b a hi a v i o r a f t h e s e s t r u c t u r e s a r e b e i n g d e v e 1 o p e d t o j. n c 1 u c j e 
h u c k 1 e d s k i n b e h a v i o 1 r a n d u 1 1 i rn a t e s t r e n g t h b e h a v i or. 

C r a s h D y n a rn i c s - - R e s e a r c h o n c r a s 1 1 d y n a rn i. c s o f g e n e r a 3. 
avi at i on a:i rcraf t has been underway at Langl ey Research Center 

s i n c e 1 / 3 „ A t o t a 3. a t 3 2 f u 1 1 s c a 1 e c r a s h t e s t s h a v e b e e n 

p e r f o r rn e d o n v a r 1 o u s t y p e s o f g e n e r a 1 a v i a 1 1 o n airc r a f t a n d 
mil i t a r y h e 3. i c o p t e r s « I n t h i s p r o q r a rn a c.1 a t a b a s e o f c r a s h 

p la 1 s e s a n d a p p r o p r i a t e a n a 1 y s i s h a s b e e n d e v e 1 o p e d t o p r o v :i d e 
r e p r e s e n t a t i v e c r a s h d y ri a rn i c 3. o a d in q s f o r u s e i n cl e 5 i g n o f 
a :L r f r a m e s t r u c t u r e a s well a s f 1 o o r ,, s e at,, and o ccup a n t 

rest rai nt system structure . In add! ti on , 1 oad— 1 i mi t i ng 

s u b f 1 o o r s 1 r u c: t u r a 1 con c e p t s a n d s e a t concep t s h a v e b e e n 
d e v e 1 o p e cJ w h i c h c a n r e d la c: e d y n a rn i c 3. o a d s t o o c c u p a n t s i n c r a s h 
s i t u a t i o n s b y a s m u c hi a s 5 0 p e r c e n t . T h :l s w o r k i s i 3. 1 u s t r a t e d 
i n f i g u r e 4 ? a n d r e s la 3. t s o n c r a s h p u 3. s e s a r e c o ri t a j. n e d i n 
reference 2. 

T h e g e n e r cl 3. a v i a t i o n c r a s h c 3 y n a rn i c s p r o g r am is p h a s i n g 

0 u t ,, a n d a 1 1 e n t i o n i s n o w be i n g f o c la s s e d o ri c r a s h cl y n a rn 1 c s o f 

t r a n s p o r t a i r c r a f t - I n c o o p e r a t i o 1 1 w i t h t hi e F e d e r a 1 A v i a t ion 
A d m 1 n i s t r a t i o r*i ( F A A ) a f la 3. 3. - s c a 1 e r e m o t el y- p i 1 o t e d 
air— to-ground crash test is planned using a Boeing 720 
t r a n s p o r t a :L r c r a f t - T h e p li r p o s e s o f t h i s t e s t are to 

evaluate a fuel anti misting agent to prevent fuel fires in 
c r a c> h e s a n d t o a c u i r e f u n d a m e n t a 1 c r a s j h r e s p o n s e d b. t a f r o m 
a i r f r a m e s e a t a n d r e s t r a i n t s y s t e m s ? a n d o c c la p a n t d la m rn j. e s - 
T h e a :L r f r a rn e d a t a i s e y, p e c t e c:l t o j:) r o v i d e a m e t a 3. 1 i c b a s e 1 i n e 
f o r f u t u r e r e s e a r c h o n c r a ii=. hi d y n a rn i c: s o f compo i t e s t r la c: t la r e s - 
A r e s e a rc h p r o g r a m o n c r a s h c;l y n a rn i c s o f c o m p o s i t e s t r u c t u r e s 

1 s b e i n q i. rn p 3. e rn e n t e d . T 1 1 e a p p r o a c h i s v e r y la n ci a m e n t a 3. a n d 



includes systematic tests and analyses of structural elements 
and components* Initial tests of abrasion of aluminum and 

c: om p o s i t e e 1 e m e n t s a r e i n p r o q r e s s * 

L a n d i n g D y n a m i c s * ™ T h e p u r p o s e o f 1 a n d i n g d y n a mics 
research is to provide technology tor safe, economical 
a 1 1 - w e a t h e r a i r c r a 1 1 g r o u n d o p e r a t i o n s * T h e s c o p e of t h e 

e f f o r t i s i 1 1 u s t r a t e d i n f i g u r e 5 a n d inc 1 u d e s i n v e s t i g a t i o n 

0 f t i r e m e c h a n i c s a n d t i r e p r o p e r t i e r-j o p e r a t :L o n a 1 p r o b 1 e m s 
s u c h a s r u r i w a y 1 r a c. t i o n a n d s t e e r i n g r e s p o n s e d a t a a n d 
s o f t w a r e f o r g r o u n d h a n d 1 :i. n g s i in u 1 a t i o n a n cl n e w 1 a n d i n g 
systems i nc 1 ud i ng act i vel y—control 1 eel 1 and i ng gear and 
a i r - c: u s hi i o n 1 a n d i ri g q e a r « I n a d d i t i a n , r e s e a r c h :i s conduc t e d 
on dynamics of brakes and anti— skid systems and definition of 

1 a n cl i n g hi a z a r d s s u c hi a s I o w a 1 1 i. t la d e t u r b u 1 enc e , r u nway 

s 1 i p p e r i n e s s n a n d t i r e b 3. o w o u t s * 

M e w e m p h a s :i. s is b e i n g p 1 a c e d o n tire m e c h a n i c s . 

Fundamental experiments are pi armed to measure tire mechanical 

p r o p e r t i e s a n d t o d e v e 1 o p t i r e m a t h e m a t. i c a 1 m o del i n g a n d 
a n a 1 y s i s t e c h n o 1 o q y ,, A n a c t i v e 1 y — c a n t r c j 3. 1 e d 1 a n d i n g g e a r c a n 
r e d u c e f a t .i q u e d a m a g e a n d i rn p r o v e r i d e q u a 1 i t y i n g r o u n d 

0 p e r a t i o n v:r> * T h e c o n c e p t m a y b e a p p 1 i c: a b 3. e t o large, f 1 e x i b 1 e 

aircraft or to fighter aircraft which must negotiate 

b o rn b •- d a m a g e d a n d r e p a i r e d ru n w a y •• D e v e 3. o p m e n t of s u c h a g e a r 
h a s r e a e: h e cJ t hi e p o i n t w h e r e a f 1 i g h t o r t a x i. t e s t is n e e d e d t a 
v a 1 i d a t e t h e c a n c e p t - T hi e Aire r a f t L a n c J i n g D y n a m 1 c s F a c: i 1 i t y 
at Langley (fig* 6) is being upgraded to increase speed 
c a p a b i 1 i t y f r o m 1 1 0 k n o t s t o 2 2 0 k n o t s a n d t o i n c r e a s e t h e 

size of landing gear which can be tested* 

AIRCRAFT ENERGY EFFICIENCY PROJECT OFFICE 

P r o j e c t s s p o n s o r e d by t h e A C E E P r o j e c t 0 f f i c e i n v o 1 v e 
devel opment of sel ected structural components for ex i st i ng 
c o m m e r c i a 1 t r a n s p o r t a i r craft. T h e t r a n s p o r t m a nufacturers 
r e d e s i g n t h e c o rn p o n en t s w i t h c c:< rn p o s i t e m a t e r i a 1 , f a b r i cat e 
s e v e r a 1 article s a n d p e r f o r m c o m p r e h e n s i v e g r o u n d 

cj u a 1 i f i c: a t i o n t e s t s , a n c:l i n s o m e c a s e s p 1 a c e c o m p o s i t e 
s t r u c: t u r a 1 c o rn p o n e n t s i n t o a i r 1 i n e s e r v i c e « T h e o b j e c t i v e o f 
this program is indicated on figure 7 along with aspects of 
t e e h n o 1 o g y a n d c o n f i d e n c e b e i n g a d d r e s s e d .. 

Tii e a p p r cj a c h i s t o s t a r t w i t h s e c o n d a r y s t r u c t u r a 3. 

components, that is, components not critical to safety of 
f 1 i g h t * S u b s e q u e n 1 1 y ,, s o -• c a 1 led m e c:l i. u m p r i rn a r y s t r la c t la r e i s 

a cJ dr ess e d ,, that is, c o m p o n e n t s s u c h a s e rn p e n n a g e f i n s a n d 
stabilisers. F i n a 1 1 y , 1 a r g e p r i m a r y f u s e 1 a g e a n d w i n q 

c o m p o n e n t s a r e t o b e add r e s s e d . T h e s e c o n d ary c o rn p o n e n t 

p r ogr a m s a r e c: o rn p 1 e t e , a n cl s e 1 e c t e c:l a r t i c 1 e s a r e i n f 1 i q h t 
ser v i. c e on c omme r c i a 1 a i r 1 i n er s ( see f :L g „ 8 ) * T h e ar t i c 1 e s 

1 n c 1 u ci e r u cl ci e r s o n D c j la q 1 a s DC- 1 0 a i. r r a f t ? a i 3. e r o n s c j n 

L o c k h e e d L — 1 0 13. a i r c r a f t , a n d e 1 e v a t o r s o n B o e i n g 7 2 7 
aircraft „ The medium primary component programs have passed 
through devel opment , desi qn , and f abr i cat i on phases and have 
c o m p 1 e t e d a 1 1 g r c :> u n d q la a 1 i f i c: a t i o n t e s t s - T h e I a r q e p r i rn a r y 



component programs are just getting underway in study 
c a n t r a e t s w i. t h t h e t r a n s p o r t m a n u f a c t u rer s . 

The modi urn pr i mary structural component programs sponsored 
by the ACEE Project Office are illustrated in -figure 9 and 
encompass the vertical stabiliser for the Douglas DC— 10, the 
v e r t i c: a 1 f i n f o r t h e L o c k h e e d L - 1 0 1 1 , a n d the h o r i zont a 1 
stabiliser for the Boeing 737- A principal element in the 
program for each component is an extensive ground test series 
o n full s i z e s t r u c t. u r e - The pro g r a m s f o r t. wo c o m p o n e n t s , t h e 
7 3 7 h o r i z o n t a 1 s t a b i 1 i 2 e r a n d t h e D C - 1 0 v e r t i c a 1 f :L n , i n c 1 u d e 
ground tests arid flight checkout for FAA certification. 
F o 3. 1 o w i n g c e r t i f i c: a t i o n t h e i n a n u f a c t u r e r s a r e e x p e c t e ci t o 
p 1 a c e t h e c o m p o n e n t s i n a i r 1 i n e f 1 i g h t s e r v ice,, T h e q rou n d 
t e s t s e r :i. e s f o r t h e s e c: o m p a n e n t s , t h e r e f ore, a r e ess e n t i a 1 
s t e p s 1 n v e r :L f y :L n g c o m p 1 i an c e wit h F A A c e r t if ic a t i o n 
requirements. The composite components ranged from 22 to 28 
p e r c e n t 3. o w e r i n m a s s t h a n t. h e c o m p a r a b 1 e a 1 u m i n u m 
components.. A 25 percent reduction in structural mass for the 
total airplane is expected to correspond to reduction in fuel 
c o n s u ffi p t i o n o f 1 2 t o 3. 5 p e r c e n t . T h e g r a u n d t e s t o x p e r i ence 
f r o m 1 1 1 e s e m e d i u m p r :L m a r y c o in p o n e n t s w a s v e r y i 1 1 u rn i n a t i n q - 
I r. a 1 1 t h r e e c: a s e s in i t i a 1 g r o u n cl t e s t i n g r e s u 1 1 e c j i n 
s t r la c t u r a 1 f a i 3. la r e a t 1 e s s t h a n u 1 1 1 m a t e d e s i g n 1 o a d . 
S u b s e q la e n t 1 n v e s t i g a t i o n a n d a n a 3. y sis o f e a c h f a i 3. u r e r e v e a 1 e d 
s i g n i f :i c: a n t 1 e s s o n s f o r e f f e c: t i v e u s e o f c o m p o s i t e s in large 
t r a n s o r t s t r la c t u r e s - F i r s t , c o m p o s i t e s t r u c t u r e s do not 
y i e 1 d 3. i k e m e t a 1 s t r u c t li r e s « A s a r e s u 1 1 , d i f f la s ion of local 
1 o a d s i s d i f f i c u 1 1 t o a c c o mi p 3. i s h « S 0 * c o n d , e c c e n tricities, 
.i r r e g u 1 a r s h a p e s s t :i. f f n e s s c h a n g e s , a n d d i 5 c: o n t i r 1 ut iti es in 
s t r u c t u r a 1 c o n f i g u r a t i o n c a n c a u s e t hi r o u g hi -- 1 hi e — t hi i c k n ess 
t e n s i o n a n cl s h e a r „ C o m p a s i t e s t r u c t a r e s a r e p a r t i c u 1 a r 1 y 
s la s c e p t i b 3. e t a f a i 1 u r e la n d e i- " t h e s e i n t e r 1 a m i n a r s t r ess 

c o n d i t i o n s - S o u r c e s , m a g n :i t u d e s , a n d e f f e c t s o f s u c h 

s e c o n d a r y s t r e s s e s n e e d t o b e t h o r o u g h 1 y u n d e r s t o a cl a n d 
accounted for to arrive at safe designs. Design modifications 
have been made on all three structural components, and all 
g r o u n d t e s t s h a v e n o w b e e n s la c c e s s f u 1 1 y c o rn p 1 e t e d . A d d i t i c n a 1 
( j e t ail a n t h e s e p r a q r a m s i s c o n t a i n e d i n r e f e r e n c e 3 » 

CONCLUD I NG REMARKS 

R e s e a r c h 1 n c o m p:« o s i. t e s t r la c t u res, c r a s h d y n a m i c s and 
landing dynamics is producing technology for improved 
aeronaut i cal structures. Safety— rel at ed research i n progress 

0 n f i 1 a m e n tar y c o m p o s i t e s t r la c t u r e s i n c 1 u d e s unde r standi n g 

failure modes, bonded and bolted joints, non-destructive 
eval uat i on , and envi ronmental ef f ects . Crash dynami cs 

research has produced crash pulse data, structural concepts, 
and seat concepts which can increase occupant survivability in 
general aviation aircraft crashes. Landing dynamics research 
on tire mechanics, runway traction, tire blowouts., low 
altitude turbulence, and acti vely-control led gear can lead to 

1 improved safety. 

Transport manufacturers are challenged to develop 
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com posi. te components and certi fv sel ected art i cl es for 1 1 i qht 
w i 1 1 1 c t j in p r e h e n s i v e q r o u n d t e s t p r o q r a m s .. T h r o u q h t h i s p r o c: e s s 
the manufdct.urers are val i dating the reduced mass and cost 
benef i ts possi b 1 e wi th these new structures and qai ni ng 
v a I u a b 1 e e x p e r i © n c e i n d e s i q n , f a b r j. c a t i o n , a n c:l c e r 1 i f i c: a t i o n 
o f a t e , e f f i. <::: :i e n t a d v a r i r: e d s t r a c t u r e f o r c a m m e r c i a 1 
transports. I (. is expected that the high standards of safety 
Lranspor t si ructures have exhi bi ted i n the past wi I 1 be 
m a :i. n t a i n tv < I h y a p p 1 i c a t i o n o f s o u n d s t r u c t u r a 1 e n q i n e e r i n q i n 
t er ms of 1: hor ouq h de ve 1 op men t a 1 an d qua 1 1 f i c: at i on t est :L n g 
c o u p 1 e d w i l.. h a p p 1 i c a t i o n o •>•• a d v a n c e d a n a 1 y s i s t © c h n o 1 o ci y „ 
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Figure 1. Research on mechanics of composite structures. 





Figure 2. Local del 
compressi 








Figure 4. Research on crash dynamics of general aviation aircraft. 



Figure 5. Aircraft landing dynamics research. 



Figure 6. Aircraft landing dynamics facility at Langley Research Center. 


A C E E COMPOSITE PROGRAM 


OBJECTIVE 


PROVIDE THE TECHNOLOGY AND CONFIDENCE SO THAT COMMERCIAL 
TRANSPORT MANUFACTURERS CAN COMMIT TO PRODUCTION OF 
COMPOSITES IN THEIR FUTURE A IRC RAFT: 

SECONDARY STRUCTURE - 1980 TO 1985 
PRIMARY STRUCTURE - 1985 - 1990 


TECHNOLOGY 


CONFIDENCE 


0 DESIGN CRITERIA, METHODS AND DATA 

° QUALIFIED DESIGN CONCEPTS 

o COST COMPETITIVE MANUFACTURING 
PROCESSES 


0 DURABILITY/ WARRANTY 
0 QUANTITY COST VERIFICATION 
° FAA CERTIFICATION 
° AIRLINE ACCEPTANCE 


Figure 7. Aircraft Energy Efficiency (ACEE) Project Office composite structures 
program. 










SIZE: 9’ X 25 5 
WEIGHT: 620# 
WEIGHT SAVED: 28.4% 


1 SIZE; 4’ 3C 17’ 
WEIGHT: 204# 
WEIGHT SAVED: 22,1% 


:l" SIZE: T% W- 
WEIGHT: 780# 
WEIGHT SAVED: 22.6% 


Fiaure 9. Aircraft Energy Efficiency (ACEE) Project Office transport medium primary 


components . 





1, Report No. 2. Government Accession No. 

NASA TM-85664 

3. Recipient's Catalog No. 

4. Title and Subtitle 

ADVANCED STRUCTURES TECHNOLOGY AND AIRCRAFT SAFETY 

5. Report Date 

July 1983 

6. Performing Organization Code 

505-45-23 

7. Author(s) 

Harvey G. McComb, Jr. 

8. Performing Organization Report No. 

10. Work Unit No. 

9. Performing Organization Name and Address j 

NASA Langley Research Center 
Hampton, VA 23665 

11. Contract or Grant No. 

13. Type of Report and Period Covered 

Technical Memorandum 

12. Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Washington, DC 20546 

14. Sponsoring Agency Code 


15. Supplementary Notes 


16. Abstract 


A concise review is presented of NASA research and development on advanced 
aeronautical structures technology related to flight safety. The effort is 
categorized as (1) research in the technology base and (2) projects sponsored 
by the Aircraft Energy Efficiency (ACEE) Project Office. Base technology 
research includes mechanics of composite structures, crash dynamics, and 
landing dynamics. ACEE projects involve development and fabrication of selected 
composite structural components for existing commercial transport aircraft. 

The technology emanating from this research is intended to result in airframe 
structures with improved efficiency and safety. 


17. Key Words (Suggested by Author(s)) 

18. Distribution Statement 

Advanced structures technology 


Flight safety 
Composite structures 

Unclassified - Unlimited 

Landing dynamics 
Crash dynamics 

Subject Category 39 


Damage Tolerance 


IV. 1 UUUU 

19. Security Classif. (of this report) 

20. Security Classif. (of this page) 

21. No. of Pages 

22. Price 

Unclassified 

Unclassified 

15 

A02 


N-305 


For sale by the National Technical Information Service, Springfield, Virginia 22161 




















